Abstract. Oxidative stress (OS) is involved in several human diseases, including obesity, diabetes, atherosclerosis, carcinogenesis, as well as genetic diseases. We previously found that OS occurs in Down Syndrome as well as in Beckwith-Wiedemann Syndrome (BWS). Here we describe the clinical case of a female patient with Prader Willi Syndrome (PWS), a genomic imprinting disorder, characterized by obesity, atherosclerosis and diabetes mellitus type 2, pathologies in which a continuous and important production of free radicals takes place. We verified the presence of OS by measuring a redox biomarkers profile including total hydroperoxides (TH), non protein-bound iron (NPBI), thiols (SH), advanced oxidation protein products (AOPP) and isoprostanes (IPs). Thus we introduced in therapy an antioxidant agent, namely potassium ascorbate with ribose (PAR), in addition to GH therapy and we monitored the redox biomarkers profile for four years. A progressive decrease in OS biomarkers occurred until their normalization. In the meantime a weight loss was observed together with a steady growth in standards for age and sex.
Introduction
Oxidative stress (OS) injury occurs when tissues, cells and biomolecules undergo an excessive exposition to oxidizing agents, above all free radicals (FRs) [7, 10] . It is associated with a large number of human pathologies, such as carcinogenesis, cardiovascular and neurodegenerative disease [11, 20] . OS also has a relevant role in pediatric and neonatal pathologies including retinopathy of prematurity, necrotizing enterocolitis, intraventricular hemorrhage, periventricular leukomalacia [28, 29, 33] .
Currently it is widely accepted that OS is involved in the pathogenesis of Down Syndrome. OS may be responsible for the neural damage observed in the patients, as well as the other common clinical pathologies, such as leukemia, endocrine dysfunctions, early ageing [4, 9, 25, 26] .
Here we tested the hypothesis that OS occurs in Prader Willi Syndrome (PWS), a genomic imprinting disorder characterized by obesity, atherosclerosis and diabetes mellitus type 2, pathologies in which a continuous and important production of FRs takes place. PWS is due to an anomaly of chromosome 15 with loss of the paternal copy of the region 15q11-13 [3] : this condition can occur as a consequence of a deletion (70% of patients), of a maternal uniparental disomy (25% of patients), or of an imprinting centre defect (5% of patients) [16, 18, 22, 23] . One of the most important features of PWS is obesity, caused by an insatiable hunger which emerges in affected children aged 2-6 years [12, 17, 30] : it is responsible for complications such as atherosclerosis and diabetes mellitus type 2, pathologies in which OS occurs. In fact, atherosclerosis is at present considered a chronic inflammatory disease, in which a continuous and important production of FRs takes place [6, 27] . In diabetes, hyperglycemia causes an increased mithochondrial production of superoxide radical which leads to a greater cellular exposition to ROSs [14, 19] .
Other clinical features of PWS are generalized hypotonia in newborns, with poor suck, feeding problems and failure to thrive after birth and, later on, bulimia, that, together with a residual hypotonia, causes the severe obesity. PWS patients have a typical facies, characterized by almond-shaped eyes, narrow bifrontal diameter, narrow nasal bridge, thin upper lip with downturned mouth; there are also short stature, due to a growth hormone deficiency, central hypogonadism, delayed psychomotor development, language issues, mild mental retardation, behavioral and psychiatric disturbances, sleep abnormalities [2, 5, 15, 31] .
Here we describe the clinical case of a female patient with PWS, in which, after the verification of a ongoing OS, we tested the antioxidant effects of potassium ascorbate with ribose (PAR), administered together with GH therapy. Potassium ascorbate is a salt derived from natural ascorbic acid, totally non-toxic, that has antioxidant effects combining the antioxidant action of vitamin C with the stabilizing intracellular effects of potassium. The ribose acts as a catalyst strengthening the action of potassium ascorbate [32] .
Clinical report
The patient is a girl aged 13 years. She was born in August 1999, at 33 weeks of gestation by cesarean section. Neurological features at birth were characterized by generalized hypotonia, poor reflexes, weak cry and poor suck. Since the first hospitalization, some typical facial features induced to the clinical suspect of PWS, and genetic analyses were performed. The presence of the deletion in the paternal copy of chromosome 15 was demonstrated by using the FISH test. The patient was periodically evaluated according to a PWS management program.
Since the first controls a growth delay emerged: height and weight were far below the growth standards. After the demonstration of a reduced basal secretion of growth hormone, in January 2002 the replacement therapy was started with an initial dose of 1.5 mg/m 2 /day for 6 days per week; afterwards, in January 2007, the dose was doubled and taken from 0.6 mg/day to 1.2 mg/day. The trend of growth curves both for height and for weight showed a good response to therapy: at present the girl's height is between 10th and 25th centile, falling into growth standards for age and sex.
Starting from March 2006, a redox biomarkers profile was tested and monitored to verify the effects of the antioxidant therapy with PAR.
Materials and methods
OS was detected by measuring a redox panel represented by total hydroperoxides (TH), non proteinbound iron (NPBI), thiols (SH), advanced oxidation protein products (AOPP) and isoprostanes.
Isoprostanes are generated during the peroxidation of the arachidonic acid; they are considered the most specific markers of oxidative stress (n.v. < 60 pg/ml). They were measured according to the method of Milne et al. [21] . Quantification of IsoPs requires two purification steps using solid-phase C-18 Sep-Pak cartridge followed by silica Sep-Pak cartridge. After the extraction these molecules are converted to the corresponding pentafluorobenzyl esters to facilitate compound analysis by GC-NICI-MS. Pentafluorobenzyl esters were purified by TLC. The purified compounds were converted to the corresponding trimethylsilyl ether. The sample dissolved in 10 µL of undecane is injected into GC/MS. The values of OS markers were expressed in pg/ml of plasma. Simultaneous determination of AOPP could provide information regarding an aspect of proteins involvement in FRs reactions, namely oxidized plasma proteins that have lost their oxidant properties. AOPP were measured as described by Witko-Sarsat et al. [34] . The method is based on the reaction of AOPP with Potassium Iodure in acidic condition, the result is measured by a spectrophotometric reading at 340 nm. AOPP concentrations were expressed as micromolar chloramines-T equivalents (n.v. < 29 ± 0.49 µmol/L).
TH represent a measure of overall OS, given that they are the intermediate oxidative products of lipids, peptides and aminoacids. TH production was measured with a d-ROMs Kit by Diacron Srl, Grosseto, Italy (n.v. included between 250 and 300 CARR U -Carratelli Units-1 CARR U is equivalent to 0.08 mg/L of H 2 O 2 ).
NPBI is a pro-oxidant substance able to act as a catalyst of Fenton reaction that produces free radicals. Usually in physiological conditions it is not detectable. We measured it according to our previous published HPLC method [24] .
Thiols (SH groups) represent protective factors: they keep the antioxidant system and the proteins in the reduced state; they are measured according to the method of Hu et al. [13] . Briefly, the method is based on the reaction of SH groups with Dithio-bis (2-nitrobenzoic acid). The resulting color is measured by spectrophotometer at a wavelength of 412 nm (n.v.
450-650 µmol/L).
All the parameters were monitored about every 6 months. The first evaluation of the redox biomarkers profile in our patient was made in March 2006, when the patient was 6,7 years old. The results showed a clear abnormal redox pattern indicating the presence of OS. Thus we introduced in therapy PAR, an antioxidant agent which previously showed positive effects in BWS [1] . Heparinized blood samples were drawn and immediately centrifuged (1000xg. for minutes 10). The plasma was stored in plastic metal-free containers at −80
• C until analyses, which were performed at the Laboratory of Oxidative Stress of the University of Siena. During the whole period of observation no changes in the environment or in the lifestyle of the patient occurred.
As antioxidant agent we used PAR, administering a daily dose of: L-Ascorbic Acid 150 mg, D-Ribose 3 mg, Potassium Bicarbonate 300 mg, on the basis of a protocol used in other genetic syndromes and approved by the local Ethics Committee of University Hospital of Siena. The dosage used is the minimal dosage for the prevention of degenerative disorders in adults.
Results and follow up
Ten months after the administration of PAR (January 2007), the redox biomarkers panel showed reduced values. NPBI concentrations showed a trend in decreasing in parallel with an increase in the values of thiols. The efficacy of the treatment was confirmed by the follow up. Little is known about the role of OS in PWS and no data exist about OS biomarkers in the PWS. In our case it is interesting to note that a considerable worsening of the redox profile was observed when the patient's mother voluntarily decided to suspend the therapy during the summertime believing that a vitamin supplement was not necessary due to the variety of fruits in the summer diet. The redox profile was back to pre-suspension values when the therapy was restored (see . Therefore the temporary unexpected stop of therapy likely adds an extra proof for the efficacy of PAR. No side effects, nor ingestion problems were detected.
Discussion and conclusions
In our patient we supposed the presence of OS. The syndrome is, indeed, the most important genetic cause of obesity, that is a risk factor for atherosclerosis and that is usually linked to hyperlipidemia, arterial hypertension and diabetes mellitus type 2, conditions in which OS occurs. Obesity in PWS is the consequence of the uncontrollable hyperphagia, for which an effective pharmacological treatment is not available at present; consequently the only useful therapy for obesity is bariatric surgery. It is noteworthy that OS is emerging as an important degenerative mechanism at a cerebral level (a correlation has been demonstrated between free radicals and neurodegenerative diseases such as Parkinson's disease and ataxic syndromes) [8] . Thus we supposed that an antioxidant treatment with PAR might modulate at the CNS level the mechanism responsible for bulimia.
In association to the reduction of OS obtained in our patient, we observed a positive effect on her phenotype. In fact, the most interesting aspect of this clinical case is probably the lack of the characteristic obesity: the patient's weight remained stable below the 25th centile. Obviously other factors may have influenced this result, above all the early diagnosis and the early GH therapy. The positive effects of GH therapy were related to a better growth rate with an improvement in body composition that is reduction of fat mass and increase of lean mass. Little is known, few and contrasting data have been reported about the antioxidant or oxidative effects of GH therapy in animals. We have no data about the effects on OS of GH therapy in our patient, because the evaluation of OS was performed only at a later time, after the introduction of GH.
The clinical controls of the patient included thyroid function monitoring, for the frequent finding of a secondary hypothyroidism in the syndrome, and the lipidic and glycemic profiles. We checked the cardiorespiratory function with ECG, echocardiogram and spirometry and sleep problems with polysomnography. The patient also underwent psychological and logopedic evaluations for behavioral and language issues. She showed significant improvements in all these aspects.
In conclusion, three points emerge in our PWS patient: firstly, the presence of OS. Secondly, the beneficial effect of PAR therapy. Thirdly, PAR seems to be particularly promising since not only is inexpensive and has no collateral effects, but it seems indeed to give positive and encouraging results on clinical features. It is noteworthy that PAR gave important and interesting results also in other genetic syndromes, such as the Beckwith-Wiedemann Syndrome [1] .
Obviously this is only a case report and further research will be needed to confirm the utility of PAR therapy in Prader Willi Syndrome. Our results pave the way for larger studies recruiting more patients at pediatric as well as at adult age. Early diagnosis, with careful evaluation of suspect cases, is still of great importance, in order to start a carefully structured treatment as soon as possible, avoiding unnecessary interventions and engaging, instead, suitable clinical and rehabilitative steps.
